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Introduction. Providing people with high quality drinking water has always come first. However, its transportation 
through pipeline systems was often associated with some problems, such as the temperature of the water and the 
environment, as well as the possibility of water hammer on certain pipe sections. This was especially true for 
systems that use polyethylene pipes. Temperature is a key factor affecting the flexibility properties of polyethylene 
pipes, and it affects not only the design, but also the investment in the development of water supply networks. The 
purpose of these studies was to study the effect of water and ambient temperature on the density, properties of the 
pipe material and the speed of propagation of a hydraulic shock wave in polyethylene pipes. 

Materials and Methods. In the experiments performed, the method of field research was used, when tests are carried 
out on specialized equipment on samples specially made for the pursued purposes. Here, samples of high-density 
polyethylene pipes were used, which were subjected to tensile tests on a tensile testing machine, and each 
experiment was carried out three times. 

In the course of the experiments, the samples were exposed to certain temperature regimes (both external and 
internal), while the influence of the hydrodynamic pressure of the liquid in the pipe was also investigated, as a result 
of the change in time of the liquid velocity in its sections. To do this, the samples were supplied with liquid under a 
certain pressure in order to find out the influence on the pipes of an effect known as water hammer. 

Results. In the course of the research, it was found that the value of the elastic modulus of high-density polyethylene 
PE100 decreases with increasing water temperature, and the decrease at a temperature of 60° C reaches 60.21 % 
compared to its value at a water temperature of +4° C. Based on the results of experiments to determine the effect of 
the elastic modulus of polyethylene with increasing temperature, an exponential equation was derived to calculate 


°°" with the correlation coefficient 


the value of the polyethylene coefficient as a function of time £ =1.312e 
R? = 0.988 ; and based on the results of the studies carried out to calculate the value of the propagation velocity of a 
hydraulic shock wave, an exponential equation was derived as a function of time C=275.9e°°" with the 
coefficient correlation R* = 0.987. 

Discussion and Conclusions. In the course of the research, it was found that such a phenomenon as water hammer 
has a harmful effect on the pipe walls, which, if possible, should be avoided even at the design stage of the water 
supply network. During the experiments, it was found that with an increase in temperature, the values of the elastic 
modulus of polyethylene decreased with a simultaneous decrease in the values of the propagation velocity of the 
hydraulic shock wave. 
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Introduction. The temperature of the liquid flow and the ambient temperature have a significant impact on the 
properties of the material of pipes made of high-density polyethylene. As the temperature increases, the pipe material 
becomes more flexible, which causes a decrease in the hydraulic shock wave propagation velocity, and hence, a 
decrease in pressure. Manufactured polyethylene pipes made of PE100 (HDPE) are thermoplastics since their plasticity 
varies within the appropriate limits depending on the operating conditions. These plastics have a number of advantages, 
including a relatively small specific gravity, they make it possible to work at low temperatures, are able to withstand 
moderate pressure, have high corrosion resistance (specifically, to acids and alkalis), good electrical insulation 
properties, are easily painted, and easy to install. They are made immediately in large lengths which reduces the number 
of connecting elements during their laying; these elements are considered expensive and fragile and cause problems 
associated with leaks [1—6]. Polyethylene pipes are hydraulically smooth pipes in which the loss of friction energy 
during the liquid flow is much less than in metal pipes, which leads to saving pumping energy. These pipes are 
characterized by a very small roughness range (k=0.001-0.008 mm), which is 3-20 times less than the roughness of new 
steel pipes. Temperature is one of the most important factors affecting the flexibility properties of polyethylene pipes, 
and this factor not only affects the design and investment in various drinking water supply networks with flow stability, 
but also causes its unstable flow in the form of a water hammer in polyethylene pipes [7—10]. International standards 
define the properties of polyethylene pipes in drinking water supply networks at a temperature of 20-23 °C, while the 
European standards define them at a temperature of 10 °C. At low flow temperatures, the elastic modulus of 
polyethylene pipes is relatively large compared to high flow temperatures in case of the water hammer phenomenon, 
which can have a significant impact on the walls of polyethylene pipes in drinking water supply networks [11—14]. The 
objective of these studies is to explore the influence of liquid temperature and air temperature surrounding polyethylene 
pipes on the density, other properties of the pipe material, and on the hydraulic shock wave propagation velocity in 
them. 

Research methods and materials. Water hammer. A water hammer is an increase or decrease in the 
hydrodynamic pressure of a liquid in a pipe as a result of a change in the liquid velocity in its section. This impact can 
create high pressure, which must be taken into account when calculating the wall thickness of the pipe. The liquid 
compressibility and the tendency of pipe walls to deform give the water hammer elasticity, since it is presented as 
pressure waves propagating through the pipe in an unstable flow. There are two types of water hammer: 

1. Direct water hammer is dangerous and occurs when the stopping time is less than the hydraulic wave 
period, ¢t. <f,. 

2. Indirect water hammer, which is not dangerous and is triggered when the shutdown time is longer than the 


hydraulic wave period, t. >t, : 
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t) =2L/C,, (1) 
where ¢, — the hydraulic wave period, s,; L — the pipe length, m; C, — the hydraulic shock wave propagation 
velocity, m/s; ¢, — the valve closing or opening time, s. 


Direct water hammer occurs when a valve connected to the wide surface of the tank suddenly opens or closes 
at the end of the pipe, or the power supply to the pumping station suddenly stops. The pressure change as a result of 


direct water hammer is determined from the Joukowski-Levy ratio: 


Prax = 2) °C) Vos (2) 


max 


where AP. — variation value of high or low pressure, N/m’; 


max 


p= liquid density at steady flow rate, kg/m? : 


C, — hydraulic shock wave propagation velocity, m/s; 
V, — steady-state velocity of liquid flow in the pipe, m/s. 


As for indirect water hammer, it occurs when the valve is slowly opened or closed at the end of the pipe 
connected to the wide surface of the tank, or when the shutdown time of the pumping group at the pumping station 


increases. The variation value of the pressure as a result of indirect water hammer is determined from the following 


ratio: 
APL = 2 0-DbV, 1 RT; (3) 
Value C, is determined from the following ratio of the hydraulic shock wave propagation velocity in 
polyethylene pipes: 
Foy 
Pp; 
C,= —— (4) 
D E-,, 
lt — 
e Ff 


where M — constant consolidation at D/e> 40 

— for support on one side of the pipe 

M =1.25-u, 

— to support the entire pipe 

M=l1- uw : 

— for pipes without support (expansion joints) 

M =i, 
where ££ — Poisson's modulus is 0.45 for HDPE pipes [3-4]; £,, — water elasticity coefficient, N/m’: Pp, — water 
density, kg/m’; D — pipe inner diameter, m. 

The hydraulic shock wave propagation velocity in polyethylene pipes is in the range of 180—370 m/s [1, 9]. 


Table 1 presents data on the physical properties of water at atmospheric pressure on its surface. Figure 1 shows a 


Machine building and machine science 


5 All 


Advanced Engineering Research 2021. V. 21, no. 4. P. 319-327. ISSN 2687-1653 





decrease in the water density with an increase in temperature, and Figure 2 shows an increase in the value of the elastic 


modulus of water with an increase in its temperature. 


Table 1 
Physical properties of water at atmospheric pressure on its surface 


Temperature, °C 4 | 
3 


0 


Modulus of elasticity of water, 


2.02 2.06 2.1 
GN/w? 





Water density, kg/m* 


Temperature, °C 


Fig. 1. Change in water density with increasing temperature 
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Fig. 2. Dependence of the water elastic modulus values on temperature 


Table 2 shows the elastic modulus of the polyethylene pipe material at 16 °C [2, 10]. 
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Table 2 
Elastic modulus of the polyethylene pipe material at 16 °C 


Elastic modulus of polyethylene, MN/m? 





1,030 


Laboratory experiments. 21 samples in the form of pipes were obtained from one large high-density HDPE 


polyethylene pipe, some of the characteristics of which are given in Table 3. 


Table 3 


Specifications of HDPE pipes 





To conduct the research, the following actions were performed: 

— for each of the specified temperatures, three tensile samples (type 1) were used, and their average value 
was taken; 

— temperature range in 4, 10, 20, 30, 40, 50, 60 °C was accepted; 

— the tensile samples were heated in accordance with the temperature for one hour in a digital electric furnace, 
they were then stretched using a special device, the results are shown in Table 4 and in Fig. 3; 

—a plastic tube with a diameter of 10 mm was injected with water, whose temperature corresponded to 
previously specified range, up to the point of rupture, and then relative deformation ¢=AD/D was measured, the 
results are shown in Table 4. 

The results of polyethylene samples were taken for a year for a pipe with an external diameter of 110 mm at a 
nominal pressure of 10 Bar. The results obtained were constantly compared to changes in laboratory temperatures 
during a year. They are presented in Table 5 and in Fig. 4. 


Table 4 
Maximum values of elastic tensile stresses and relative deformation of polyethylene samples in accordance 


with specified temperatures 
[Temperature"® =i ~S«SCidYSCTSTSCTS SY 


Average a stresses, 19.576 26.074 13.656 72.340 19.716 18.426 17.229 





Relative deformation 
0.0218 0.0226 0.0256 0.0275 0.0293 0.0306 0.0319 
&€=AD/D 


Table 5 


Maximum variation values of elastic tensile stresses for polyethylene samples depending on temperature variation 
during the year 


Elastic stresses, MPa 28.16 31.30 26.49 26.01 24.71 24.64 


Machine building and machine science 


Elastic stresses, MPa 23.32 22.02 24.20 24.27 25.40 217 
| Blastie stresses, MPa | 23.32 _ | 24.27 | 25.40 | 27.57 as 
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Fig. 3. Tensile stresses of polyethylene with increasing temperature 
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Fig. 4. Tensile stress values of polyethylene samples during the year 
Results. The results were processed according to Hooke 's law as follows: 
E=AD/D=oda/E, (5) 
where o — tensile stress in the pipe wall, MPa; D — pipe diameter, mm; 
AD — change in pipe diameter, mm; / — pipe material elasticity expressed by Young's modulus, MPa; ¢ — relative 
deformation. 
Table 6 shows the elastic modulus values of PE 100 polyethylene and the hydraulic shock wave propagation 
velocity at the specified temperatures. 
Figure 5 shows a decrease in the value of the elastic modulus of polyethylene with an increase in temperature, 
and Figure 6 shows a decrease in the value of the hydraulic shock wave propagation velocity with an increase in 


temperature. 
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Table 6 
Values of elastic modulus of PE 100 polyethylene and hydraulic shock wave propagation velocity at specified 
temperatures 


/FemperatureQ [| 4 | 1 | 2% | | | 50 | oo 
: 





Hy aaule shoes wave 580 95 
propagation velocity, C (m/s) 


1.4 


—_— 
NO 


y= 1312e""" 
R’=0.988 


—_— 
a) 


= 
oe) 


0.6 


Modulus of elasticity, MPa 


0.4 


0.2 


Temperature, °C 


Fig. 5. Values of the elastic modulus of polyethylene with increasing temperature 
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Fig. 6. Values of the hydraulic shock wave propagation velocity with increasing temperature 
Discussion and Conclusions. After analyzing the results obtained in the course of research, we can draw the 


following conclusions: 


— high water temperature has a significant impact on the properties of the material of pipes made of high- 


density polyethylene PE 100 and on the hydraulic properties of the hydraulic shock wave; 
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— the value of the elastic modulus of high-density polyethylene PE 100 decreases with increasing water 
temperature, and the value of the decrease at a temperature of 60 °C reaches 60.21% compared to its value at a water 


temperature of +4 °C. This decrease is relatively large and causes a significant decrease in the values of the hydraulic 325 
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shock wave propagation velocity, and the magnitude of the decrease reaches 35.71% compared to its value at a water 
temperature of +4 °C, which leads to a noticeable decrease in the value of the maximum pressure change as a result of 
water hammer, taking into account the density of water and its elasticity coefficient depending on temperature. When 
calculating the value of the hydraulic shock wave propagation velocity, the ratings of the maximum pressure change 1s 
also taken into account; 

— based on the data obtained (shown in Fig. 5), an exponential equation was derived to calculate the value of 


“°° with correlation coefficient R* = 0.988 ; 


the polyethylene coefficient as a function of time £ =1.312e 
— according to the data given in Figure 6, an exponential equation was derived to calculate the value of the 
hydraulic shock wave propagation velocity as a function of time C=275.9e°°" with correlation coefficient 


R’ =0.987. 
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